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ABSTRACT 
DEVELOPMENT OF A SOFTWARE APPLICATION TO EXTRACT THE 
FEATURES OF NORMAL RESPIRATORY SOUNDS FROM THE LUNGS AND 
THE TRACHEA 
BY 
Ranjani Sabarinathan 
A thesis submitted in partial fulfillment of the requirements for the degree of Master of 
Science at Virginia Commonwealth University. 
Virginia Commonwealth University, 2006. 
Major Director: Ding-Yu Fei, Ph.D. 
Associate Professor 
Department of Biomedical Engineering 
Auscultation has been widely regarded as one of the most important non- 
invasive diagnostic tools for clinical diagnosis of the respiratory tract. The purpose of 
this thesis was to develop a software application, capable of extracting the key features 
of respiratory sound signals from the lungs and trachea of healthy persons. The efficacy 
of the program was evaluated by the verification of the important features of the sound 
signals from the left and right lungs and the trachea such as 1) right and left lung 
symmetry and 2) dissimilarity between the trachea and both lungs. 
The program was developed in LabView and was designed to capture the 
respiratory sound signals from the lungs and the trachea in real-time and process them 
in the time and frequency domains for further analysis. The features compared were 1) 
signal amplitude in the time domain and 2) power spectra in the frequency domain. 
Results of the study had shown that the program had been able to verify that 1) the key 
features of the breath sound signals from the left and right lungs were similar and 2) the 
features of the signals from the trachea and both lungs were different. 
Chapter 1 
Introduction 
1.1 Background and Purpose of Study 
Auscultation is one of the most important non-invasive and simple diagnostic 
tools for detecting disorders in the respiratory tract like lung diseases (Gross et. al., 
2000). It is defined as the 'act of listening for sounds within the body, mainly for 
ascertaining the condition of the lungs, heart and other organs (Jones et. al., 1999; 
Dorland, 1981). Diseases such as asthma, tuberculosis can be identified with this method 
through the analysis of lung and tracheal sounds. 
Auscultation has been used for over two centuries as part of clinical evaluations 
of the cardio respiratory system. An experienced physician would be able to identify 
respiratory conditions just by listening to the sounds through a stethoscope. Research on 
the diagnosis of respiratory pulmonary conditions like bronchitis, sleep apnea, asthma has 
established the utility of the stethoscope's acoustic signal in common day to day practice. 
However, despite their effectiveness, these instruments only provide a limited 
and subjective perception of the respiratory sounds. The drawbacks of using 
stethoscopes and listening to the sounds using the human ear are a) their inability to 
provide an objective study of the respiratory sounds detected, b) their lack of sufficient 
sensitivity and (c) the existence of the imperfect system of nomenclature (Dalmay et. 
al., 1995). 
In the last few decades, improvements in electronic recording and the 
development of computer-based methods have made quantitative studies of lung and 
tracheal sound signals possible as well as overcome many limitations of human ear 
subjective auscultation. Modern digital processing techniques, along with advancements 
in computer analysis, have become an established research method for the investigation 
of respiratory sounds. However, there has been no standardized method for the 
nomenclature of lung sound signals (Pasterkamp et. al., 1997). There is also 
considerable variation in which the sounds are processed and analyzed, despite 
similarities in basic methodology (Earis et. al., 2000). 
The two most common techniques used to understand the attributes of breath 
sounds and to increase the usefulness of auscultation in clinical diagnosis are the time 
and frequency domain analysis. From the review of literature, it can be observed that 
the use of spectral analysis is more prevalent than time domain analysis. The few 
studies reported in the literature for the time domain analysis have used recording of 
sounds in conventional or expanded time scales or direct listening of amplified sounds 




















































































